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(54) Title: FLUTED FILTER MEDIA 
(57) Abstract * 

Fluted filter media includes filter 
material (100) having a plurality of flutes 
fomied therein having alternating ends of 
adjacent flutes closed (120) to force fluid 
duough filter material. A first embodi- 
ment of the filter media includes tapered 
flutes which have the open ends (122) 
of dte flutes larger in cross-section than 
the closed flutes (120), wherein the iq>- 
stieam open flutes conveige toward the 
downstream end and the upstream closed 
end flutes diverge toward the downstream 
end. A second emixxlinient includes filter 
media which Is asymmetric formed with 
dissimilar upstruun and downstream flute 
cross-sections with laiger flute openings to 
die upstream side of the filter. A third em- 
bodiment includes filer niedia with an up- 
stream edge crushed to improve flow at die 
upstream edge. A fourth embodiment In- 
cludes filter media widi the upstream seal- 
ing material recessed from the upstream 
edge for reducing effects from blockages 
at the upstream edge of the filter. 
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FL VTEP FILTER MEDIA 
Packgrownd of the InYcntlop 

Field of the Invention . The present invention relates to fluted filter media, and 
in particular, to fluted filter media having flutes which minimize restriction across the 
5 filter. 

Prior Art . Pleated filters which utilize filter media to remove contaminants 
fiom fluids are commonly known and take on many configurations. 

A common problem with filters is inadequate filter surface area. Prior attempts 
to improve filtmng surface area for a given filter volume have not been entirely 

10 successfiil. Pleated filters are commonly used vAnch utilize a pleated filter media in an 
atten^t to overcome this shortcoming. Although pleated filter material may increase 
the filter area, ais the pleats are placed closer and closer together, thereby placing more 
and more filter media in a given volume, the pleats are pressed titter and tighter 
together, thereby restrictmg the flow. This restriction may cause the velocity of flow 

1 S to increase in order to pass through the filtering media, thereby increasing die pressure 
differential across the filter which may cause additional problems in the system. 

Most permeable filter media does not provide structural support so that the 
filters require housings for siqiporting the filtering material. This increases 
manufacturing costs as well as the mass and size of the filter. 

20 To improve restriction and provide increased media area, as well as filter 

efficiency, fluted filter configurations may be utilized. Fluted filters have the 
capability of increased media area per unit volume, as well as less restriction and 
substantially straight-tfirough flow. 

Although fluted filters provide improved flow characteristics and efficiency 

25 over prior filter designs, fluted filters have the possibility of greater efficiency and 
improved flow characteristics. The sealed upstream ends of flutes provide a 
substantial blockage of the flow, and vAtsn combined with the filter material, more 
than half of tihe available cross sectional area of the fluid flow is blocked. Filter 
designs which have greater cross sectional area transverse to the flow provide 

30 improved flow and restriction characteristics. 

It can be seen that new and improved filters are needed which provide self 
support, improved restriction, improved flow characteristics, and greater efficiency. In 
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particular, fluted filters should have a leading edge which provides less resistance and 
takes up less of the cross*sectional flow axea than standard flute designs. In addition, 
the cross-sectional area of die filter media and the closed ends of the flutes at the 
upstream edge should be smaller than the opening area at the upstream edge of the 
5 flutes. Such improved filta- designs should also be easily manufactured without undue 
additional steps. The present invention addresses these as well as other problems 
associated with filter designs. 



Summary of tht Inventhm 

10 The present invention is directed to a fluted filter device, and in particular, to 

fluted filter media with improved flow characteristics. 

According to a first embodiment of the present invention, fluted filter media 
includes a fluting center sheet intmnediate a top and bottom layer. It can be 
^preciated that the fiher media may be wound or othCTwise stacked so that only a 

1 5 single sheet need be attached to a fluting sheet, as adjacent layers will serve as either 
the top or bottom sheet of the next adjacent layer. In addition, the layers may be 
wound in a spiral configuration. Ahemating ends of adjacent chambers formed by the 
fluted material are blocked on either the upstream or downstream side. The first 
embodiment has tapered flutes vAddtt widen &om one end to tiie other. The fluted 

20 chambers having their iq>stream end closed widen to an open downstream end. 
Conversely, the downstream closed fluted chambers widen to an open upstream end. 

It can be appreciated that with this configuration, the area of the filter media 
transverse to the upstream flow includes a large portion open to the chambers for 
receiving the flow. As the flow filters through the various filter material sheets, the 

25 filtered fluid passes through an enlarged downstream end as well. In this manner, tfie 
restriction due to the filter is substantially deceased over standard fluted filter 
materials. In addition, the percentage of bead material and the upstream edge of the 
filter sheets is substantially less than the open area receiving the iq>stream flow. 

According to a second embodiment of the present invention, fluted filter media 

30 includes asymmetric flutes which have a substantially sharp peak and a widened 
trough. The area above the trough is open to the upstream flow. In this manner, the 
iq)stream openings at the edge of the filter media have a larg« cross sectional area 
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transverse to the flow than the area of the closed flutes and the upstream edge of the 
filter matmai. This configuration provides improved flow with greater filter 
efSciency and reduced restriction aax>ss the filter. 

According to a thud embodiment of the present invention, fluted filter media 
5 includes a crushed upstream edge providing for improved flow. According to the third 
embodiment, the leading edge of the filt^ media includes beads blocking alternating 
chambm of die filter flutes. The upstream edge of the bead and fluting sheet are 
angled so that a widened edge intercepts the flow and angles toward the downstream 
end. As the flow intercepts the upstream edge, only the leading sheeting edge contacts 
10 the upstieam flow and die bead and fluting sheet angle rearward. With this 
configuration, the resistance and proportion of the filter media intercepting the 
upstream flow at the leading edge ofthe filter is reduced. Therefore, iminroved flow is 
attained v/tdch provides for increased efficiency and reduced restriction across the 
filter. 

1 5 These and various other advantages and features of novelty which characterize 

the invention are pointed out with particularity in the claims annexed hereto and 
forming a part hereof However, for a better understanding of the invention, its 
advantages, and the objects obtained by its use, reference should be made to the 
drawings which form a fiirther part hereof, and to the acconq>anying descriptive 

20 matter, in which there is illustrated and desoibed a preferred embodiment of the 
invention. 



Brief Description of the Drawings 
In die drawings, A^dierein like reference letters and numerals designate 
25 corresponding elements throughout the several views: 

Figure 1 shows a perspective view of a first embodiment of double-faced fluted 
filter media having tapered flutes according to the principles of the present invention; 

Figures 2A-2B show diagrammatic views of the process of manufacturing the 
filta media shown in Figure 1 ; 
30 Figure 3 shows an end elevational view of the ftlten media shown in Figure 1; 

Figure 4 shows an end elevational view of a roller for forming the filter media 
shown in Figure 1; 
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Figure 5 shows a detailed end view of the teeth for the roller shown in Figure 

4; 

Figure 6 shows a perspective view of a second embodiment of filter media 
having asymmetric flutes according to the principles of the presmt invention; 
S Figure 7 shows an end elevational view of the filter media shown in Figure 6; 

Figure 8 shows an end elevational view of a roller for forming die filter media 
shown in Figure 6; 

Figure 9 shows a perspective view of a third embodiment of filter media 
having crushed leading flute edges according to the principles of the piesent invention; 
10 Figure 1 0 shows an end elevational view of the filter media shown in Figure 9; 

Figure 1 1 shows a side sectional view of the leading edge of the filtar media 
shown in Figure 9; 

Figure 12 shows a graph of pressure drop across the filter versus airflow 
through the filter for varioiis fluted filter media designs; 
IS Figure 13 shows a graph of pressure drop vosus dust loading for various fluted 

filtor media designs; 

Figure 14 shows a sectional view of a fourth embodiment of filter media 
having upstream sealed flutes with a sealed portion recessed fiom the upstream edge of 
the filter media according to the principles of the present invention; 
20 Figure IS shows a side elevational view of a method of forming the leading 

edge of the filter media shown in Figures 9*1 1 ; and. 

Figure 1 6^ shows a side elevational view of a sheet of filter media cut into strips 
utilizing the method shown in Figure 1 S. 

2S Detailed Description of the Preferred Embndimente 

Referring now to the drawings, and in particular to Figure 1, there is shown a 
portion of a layor of double-faced permeable fluted filter media, generally designated 
100. The first embodimmt of the fluted filter media 100 includes a multiplicity of 
tsq^ered flute chambers 102. The flute chambers 102 are formed by a center fluting 

30 sheet 108 forming alternating peaks 104 and troughs 106 between facing sheets 110, 
including a first facing sheet 1 12 and a second facing sheet 1 14. The trougjis 106 and 
peaks 104 divide the flutes 102 into an upper row and lower row. In the configuration 
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shown in Figure 1, the \xpptr flutes form flute chambers 122 closed at the downstream 
end, while upstream closed end flute chambers 120 are the lower row of flute 
chambers. The fluted chambers 120 are closed by first end bead 124 completely filling 
a section of the upstream md of the flute between the cemta fluting sheet 108 and the 
5 second facing ^eet 1 14. Similarly, a second end bead 126 closes the downstream end 
of alternating flutes 102. Adhesive tacks connect the peaks 104 and troughs 106 of the 
flutes 102 to the facing sheets 112 and 1 14. The flutes 102 and end beads 124 and 126 
provide a filter element which is structurally self-supporting without a housing. 

During filtration, unfiltered fluid enters the flute chambers 122 which have 

10 their upstream ends opm, as indicated by the shaded arrows. Upon entering the flute 
chambas 122, the unfiltered flmd flow is closed off by the second end bead 126 at the 
downstream end. Thorefme, the fluid is forced to proceed through die fluting sheet 
108 or &ce sheets 110. As the unfiltered fluid passes through the fluting sheet 108 or 
face sheets 110, the fluid is filtered through the filter media layers, as indicated by the 

1 S unshaded arrow. The fluid is then fiee to pass through the flute chambers 120, which 
have their upstream end closed and to flow out the open downstream end out the filter 
media 100. With the configuration shown, the unfiltered fluid can filter through the 
fluted sheet 108, the upper feeing sheet 1 12 or lower facing sheet 1 14, and into a flute 
chamber 120 blocked on its upstream side. 

20 Referring now to Figures 2A-2B, the manufacturing process for fluted filter 

media, which may be stacked or rolled to form filter elements, as explained 
hereinafter, is shown. It can be iQ)preciated that when the filter media is layered or 
spiraled, with adjac»t layers contacting one anotho:, only one facing sheet 110 is 
required as it can serve as the top for one fluted layer and the bottom sheet for another 

25 fluted layer Therefore, it can be appreciated that the fluted sheet 108 need be appMed 
to only one facing sheet 1 10 vAien the layers are stacked or rolled. 

As shown in Figure 2A, a first filtering media sheet 30 is delivered fiom a 
series of roUm to opposed crimping rollers 44 forming a nip. The rollers 44 have 
intmneshing wavy sur&ces to crimp the first ^eet 30 as it is pinched between the 

30 rollers44. As shown in Figure 2B, the first now corrugated sheet 30, and a second flat 
sheet of filter media 32 are fed together to a second nip formed between one of the 
crimping rollers 44 and an opposed roller 45. A sealant applicator 47 s^lies a sealant 
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46 along the upper surface of the second sheet 32 prior to engagement between the 
crimping roller 44 and the opposed roller 45. At the beginning of a manu&cturing run, 
as the first sheet 30 and second sheet 32 pass through the rollers 44 and 45, the sheets 
M away. However as sealant 46 is apptied. the sealant 46 fonns first end bead 38 
5 between the fluted sheet 30 and the feeing sheet 32. The peaks 26 and troughs 28 have 
tacking beads 42 ^lied at spaced intoirals along their apex or are otherwise attached 
to the facing sheet 32 to fwm flute chambers 34. The resultant structure of the facmg 
sheet 32 sealed at one edge to the fluted sheet 30 is single-fiiced layerable filter media. 
If the layers are stacked or spkaled, a second bead is applied at an opposite edge to the 

10 fluted sheet 30. If the layers are not stacked or spualed, a second bead is ^plied at an 
<^>posite edge and a second facing sheet is apptied. 

Refening agam to Figure 1, it can be appreciated that the flutes 102 taper, The 
fluted diambers 120 having dieir iqistream end closed, widoi along the trough to an 
enlarged downstream opening, as shown in Figure 3. Similarly, chambers 122 have a 

15 large iq>stream opening, also diown in Figure 3, and taper to a narrowed closed end. 
In this manner, the portion of the filter media intercepting the upstream flow that is 
open is substantially increased. Iii addition, as the fluid flows along the flutes and 
passes through the walls of the filter media, either coiter dieet 108 or feeing sheets 
112 or 1 14, the fluid will flow out an oilaiged open end on the downstream side of tiie 
20 nUer. 

It can be t^ypreciated that to manufecture tiie t2q)ered flutes 102, a special roller 
144 is required, diown in Figure 4. The roller 144 incltuies a poipheial smfece having 
a multiplicity of aligned teedi 146 foimed thereon. The tapering teeth 146 taper fiom a 
narrow first aid to a widened second end, as shown more clearly in Figure 5. It can be 

25 appreciated that complementary teeth 147 on an opposing roller 145 taper fix>m a 
narrowed second end to a widened first end. Therefore, as the facing dieet of the 
center sheet 108 is fed throu^ the nip of the complementary rollers 144, the filter 
media is crimped to form peaks 104 and troughs 106 which tapar in alternate 
directions along their length. It can be apineciated that tiie beads 124 and 126 provide 

30 filtCT media which is structurally self-supporting. 

As ^wn in Figure 3, the resulting filter media 100 includes tapered flute 
chambers 120 >^ch have a closed upstream end and flute chambers 122 which have 
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an open upstream end. It can be appreciated that with tapered flutes 102, flute 
chambers 122 have a larg^ cross sectional area transverse to the flow than the 
chambers 122 which have their iq>stream ends closed. It can also be appreciated diat 
the cross sectional area transverse to the flow of the fluted chambers 120 is larger than 
5 the cross sectional area of the closed chambers 122 and the edges of the sheets 108, 
1 12 and 1 14. In this manner, the filter media 100 intercuts greater flow with less 
resistance. As the flute diambers 120 and 122 taper inversely to one another, die ends 
ofthe chambers are reversed in size at the downstream edge. With this configuration, 
it can be appreciated that the flute chambers 120 have a muph smaller cross section at 
10 the closed downstream end of the filter media 100 and the flute chambers 122 have a 
much larger cross sectional area. Therefore, the flow passes in through the larger 
openings of chambas 120 and out through the mlai^ged open downstream ends of flute 
diambers 122. With this configuration, flow passes through filter material havirig 
much greater open space with less resistance, vMle still providing sufiQcient filter 
IS media area in the same volume. 

Referring now to Figure 6, thwe is shown a second embodiment of filter 
media, generally designated 200, having asynunetric flutes according to the principles 
of the present invention. The filter media 200 includes asynmietric flutes 202 forming 
substantially narrower peaks 204 and widened arcing troughs 206. The radius ofthe 
20 arc of the peaks 204 is less than the radius of the arc of die troughs 206 of die 
asymmetric flutes 202. The filter media 200 includes a center sheet 208 and &cing 
sheets 210, mcluding a first uppor fecirig sheet 212 and a second lower feeing sheet 
214. 

The fiicing sheets 210 are connected by upstream beads 224 and downstream 
25 beads 226. In diis manner, die sheets 208, 212 and 214 form chambers 220 having 
their upstream ends closed and chambers 222 having their downstream ends closed. 

It can be appreciated that with the configuration shown in Figure 6, the 
upstream portion of the filter media 200 intercqsting flow includes an enlarged 
opening for the chambers 222. In this marmer, increased flow is intercepted by the 
30 fluted chambers 222 vMch dien flow through the sheets 208, 212 and 214 and through 
the chambm 220. In addition, the asymmetric fluted filter media 200 provides for a 
self-supporting filter stracture. 
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Referring now to Figure 7, the open end of the chambers 222 is substantially 
larger than the bead 224 at the upstream end and the surfece area transverse to the flow 
of the sheets 208, 212 and 214. This arrangmient decreases the restriction at the filter 
inlet and provides for imimved flow and dust loading capacity. 
5 Referring now to Figure .8, roller 244 for forming the asymmetric fluted filter 

media 200 includes a multiplicity of teeth 246 along its periphery. The teeth 246 of a 
first roU^ 244 will have a widened outer surface with a narrow trough formed 
tha:ebetween. The complementary roller would have narrowed teeth with a widened 
trough formed therebetween for intermeshing witfi the teeth 246. It can be appreciated 

10 that as the rollers engage filter matmal fed therebetween, asjnmmetric peaks and 
troughs are formed in the fluted filta matmal. 

Referring now to Figure 9, there is shown another embodiment of the present 
invCTtion having crushed filter media, gnerally designated 300. The crushed filter 
media includes flutes 302 having a crushed upstream edge 316. The flutes include 

15 peaks 304 and troughs 306 formed by a fluted center sheet 308. Facing sheets 310 
sandwich the center sheet 308 to form fluted chambers 320 and 322. A fu« facing 
sheet 312 contacts the vqpper surface of the flutes, ^le a lower facing sheet 314 
contacts the bottom of the flutes. The filter media 300 includes an upstream bead 324 
and a downstream bead 326. The cross section of the flutes fiom the downstream end 

20 appears as in Figure 10. The ax>ss sectional view finom the upstream ends would be 
reversed fiom that shown with the open and closed portions being opposite. 

As shown in Figure 11, the upstream side of the filter media 300 includes a 
crushed edge 316 along the upstream bead 324. This forms a sloping surface 328 of 
the bead 324 and center sheet 308 v^iuch engages die flow. The slope provides less 

25 resistance v^le greater flow is achieved, so that the restriction across the fiher media 
is reduced. It can be appreciated that the filter material and bead engaging the flow at 
the edge 330 is less than the open area intercepting die flow, improving efficiency and 
flow. 

The sloped edge can be formed by a number of methods, however a preferred 
30 method is diown in Figures 15 and 16. An arced or round formmg m»iber 350 is 
pressed against the upstream bead 324 before the sealing material of the beads is set to 
provide a quick and easy method of forming an sloping surface 328, as shown in 



.0740918A1J.> 



. wo 97/40918 




PCTAJS97/070«) 



9 



Figure 15, The forming tool 350 may be a ball which is rolled along the upstream 
bead 324 or a rounded member v^ch is pressed onto the media 300. After the 
dqmession is made, the media 300 is cut with a blade 360 or other cutting tool at the 
upstream bead 324, thmby forming two strips of filter media 300 having a sloping 
5 upstream edge 330, as shown in Figure 16. It can be appreciated that a number sets of 
widemd alternating beads 324 and 326 may be ^plied to a sheet of media 300. The 
iq3stream beads 324 are then crushed as shown in Figure 15. When the sealing 
material of the beads 324 and 326 sets, the sheet of filter media 300 is cut at beads 324 
and 326 to form multiple sheets of filter media 300 having crushed i^stream edges 
10 300, 

Referring now to Figure 14, th^ is shown a fourth embodiment of the present 
invmtion with fluted filt^ media 400. The fluted fiher media 400 is similar to other 
fluted filter media, but the fluted filter media 400 has a modified upstieam edge and 
bead configuration, as explained hereinafter. As shown in Figure 14, the fluted filter 

15 media 400 includes flutes 402 having peaks and troughs with flutes 420 closed 
upstream and flutes 422 closed downstream. However, unlike other fluted filters 
having alternating chambers sealed at the extreme upstieam face of the filter mecUa, 
the flutes 420 include a bead 424 sealing off the flute chamber which is recessed from 
the upstream edge of the filter media 400* The flutes 422 have beads 426 \Adch are at 

20 the downstream end. 

The filter media 400 provides perforaiance advantages as it can be i^reciated 
that large particles 1000 may accumulate at the upstream face of the filter media. As 
shown in Figure 14, if the particles 1000 are large enough, some of the flutes 402 may 
become completely blocked oflf. For prior filter media, if several flutes are blocked 

25 ofl^; the blockage 1 000 has greater impact as alternating surrounding flutes are sealed at 
their upstream side, creating increased flow redirection around the blocked flutes. 
However, as shown in Figure 14, when the flutes 420 are sealed at their upstream side 
at 424 and recessed fiom the iqistream edge, a blockage 1000 of an ^adjacent 
downstream closed flute 422 allows the flow to pass into the upstream end of die flutes 

30 420 and tiirough the fluting sheet or other filter material iq)stream of the seal 424. In 
this manner, the fluid flows into flute 422 where it is forced back through the filtering 
material into the flutes 420 \Adch are open to the downstream side of the filter. This 
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reduces clogging and provides for better flow without pressure buildup or otherwise 
adversely affecting filter performance. In a preferred embodimoit, the iq)stream 
sealing beads 424 are recessed fix>m approximately 1/4** to P from the upstream edge. 
In this manner, the fluted material is still self su|qx>rting vAdle decreasing the effects 
S of clogging at the upstream face of the filter media 400. 

As shown in Figure 12, the pressure drop for air flow compares fluted filter 
media having standard B size flutes to the tapered fiher media 100 also having a B size 
flute. In addition^ a standard A size fluted filt^ media is compared to the crushed filter 
media 300 having an A size flute. It can be appreciated that the pressure drop across 

10 the filter, in both instances, is reduced as compared to the standard fluted filter 
configuration while having the same filter volume and nominal flute size. 

In addition, as shown in Figure 13, as the filter media becomes loaded with 
dust, it can be ^reciated that a standard B flute has a much higher pressure drop t^ 
a B flute with tapered filter media 100. In addition, a size A flute for filter media 300 

IS with a crushed leading edge has a significantly lower initial pressure drop than a 
standard A flute. 

It can be appreciated that with the preset invention, filter media is provided 
which has a substantially greater open area transverse to the flow which intercepts the 
flow. This provides for increased efficiency with decreased restriction. 

20 It is to be understood, however, that even though numerous duuracteristics and 

advantages of the present invention have been set forth in the foregoing description, 
together with details of the structure and function of the invention, the disclosure is 
illustrative only, and changes may be made in detail, especially in mal^rs of shape, 
size and arrangement of parts within the principles of the invention to the full extent 

25 indicated by the broad general meaning of the terms in which the appended claims are 
expressed. 
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h Filter media inserting into fluid flow having an upstream side and a 
downstream side, said filta media comprising a plurality of flutes formed therein^ 
S wherein one end of each of said flutes is closed and opposite ends of said flutes are 
open, vAierein alternating upstream and downstream portions of adjacmt flutes are 
closed with sealing material, wherein said open ends of said flutes on said upstream 
side have a greater area transvose to said flow than a combined area of said sealing 
material and said filter media transverse to said flow at the leading upstream edge of 
10 said filter media. 

2. Filter media according to claim 1, wherein the flutes having i:9>stream closed 
ends comprise a closed portion recessed from tfie upstream end of the flutes. 

IS 3. Filter media according to claim 1, wherein the flutes comprise closed portions, 
vs^erein first alternating flutes have closed portions recessed a first distance fix)m the 
upstream side of the filter media and wherein second alternating flutes have closed 
portions recessed a second distance firom the iq)stream side greater than the first 
distance. 

20 

4. Filter media according to claim 1, >^erein said flutes having closed upstream 
ends taper to a larger area transverse to the flow on the downstream side. 

5. Filter media according to claim 1, >Aiierein said flxites having closed iq)stream 
25 ends have an upstream surface slanting rearward from die upstream side. 

6. Filter media according to claim 1, wherein the flutes comprise peaks and 
valleys and wherein peaks of the flutes comprise a narrower arcing portion than the 
valleys. 

30 

7. Filter media insoting into fluid flow having an upstream side and a 
downstream side, said filter media comprising a plurality of longitudinal flutes formed 
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therein, wherein one end of each of said flutes is closed and opposite ends of said 
flutes are open, herein alternating upstream and downstream ends of adjacent flutes 
are closed, wherein said open ends of said flutes on said upstream side have a greater 
area transverse to said flow than a combined area of said closed ends on said upstream 
S side and an upstream edge of said Glter media transverse to said flow. 

8. Filter media according to claim 7, wherein said flutes having closed upstream 
ends taper to a larger area transverse to the flow on the downstream side. 

1 0 9. Filter media according to claim 7, wherein said flutes having closed upstream 
ends have an upstream surfece slanting rearward fiom the upstream side. 

10. Filter media according to claim 7, wherem the flutes comprise peaks and 
valleys and i^erein peaks of flie flutes comprise a narrower arcing portion than the 

IS valleys. 

11. Filter media having flow passing from iq>stream to downstream through the 
media comprising a plurality of flutes formed dmein, wherein one end of each of said 
flutes is closed and wherein alternating first and second ends of adjacent flutes are 

20 closed, wherein each of said flutes comprises tapered sides tapering from a lai^er open 
end to a smaller closed CTd. 

12. Filter media accoiding to claim 11, wherein the media comfirises a 
substantially sinusoidally extoiding center media sheet connected to a top sheet and a 

25 bottom sheet, forming a plurality of flute chambers. 

13. Filter media according to claim 12, wherein the center sheet is configured so 
that the chambers diminish fiom the upstream side to the downstream side. 

30 14. Filter media according to claim 1 1, herein die flutes are configured so that the 
upstream open ends comprise a larger area transverse to the flow than the downstream 
closed ends. 
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15. A method of making filter media, comprising the steps of: 

providing a length of filto: material having a first face and a second face and a 
first edge and a second edge; 
5 passing the length of filter material between a first roller and a second opposed 

roller, MAierein the first roller has a roller surface having alternating peaks and valleys 
formed therein, wherein the peaks and valleys extend axially along the roller and the 
peaks widen from a first end toward a second end of the roller and the valleys narrow 
horn the first end toward the second end; and ^^erein the second roller has a roller 
10 surface having complemoitary peaks and valleys meshing with the peaks and valleys 
of the first roller; 

>^erein the rollers form peaks and valleys into the filter material having peaks 
widaiing fipom the first edge to the second edge and valleys narrowing fit>m the first 
edge to the second edge; 
IS depositing a sealing matoial proximate the first edge on the first face of die 

filter media; 

^plying a iacing sheet having a first side and a second side to the first face of 
the filter material, thereby forming a seal between the filter material and a first side of 
the facing ^eet; ami, 

20 applying a sealing material proximate the second edge on the second face of 

the filter material. 



16. A method according to claim IS, wherein sealing material is applied so that 
space between the filter material and the first facing sheet is closed proximate the first 
25 edge, and space between the filter material and the second facing sheet is closed 
proximate the second edge. 



17. A method according to claim 15, comprising the finther step of forming the 
length of fluted filter media in an overl£q)ping configuration, thereby sealing the 
30 second face of the fluted filter material to the second side of an adjacent layer of die 
facing sheet 
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18. Filter media having flow passing therethrough from an upstream side to a 
downstream side, comprising a plurality of longitudinally extending flutes formed 
therein, \«iierein one end of each of said flutes is closed and wherein alternating first 
and second ends of adjacent flutes are closed, wherein alternating flutes include a peak 

5 formed therein extending longitudinally along the flute* 

19. Filter media according to claim 18, wherein the peaks have a profile with a 
smaller radius arc than the troughs. 

10 20. Filter media according to claim 18, wherein the alternating flutes include 
closed upstream ends below the peak. 

21. Filter media according to claim 18, fiirther comprising a cento- fluting sheet 
having peaks formed therein. 

15 

22. Filter media according to claim 18, wherein the flutes comprise peaks and 
valleys and wherein peaks of the flutes comprise a narrower arcing portion than the 
valleys. 

20 23. A method of making filter media, comprising the steps of: 

providing a lengtfi of filter material having a first face and a second &ce and a 
first edge and a second edge; 

passing the length of filter material between a first n>ll» and a second opposed 
roller, herein the first roller has a roller sur£Eu:e having alternating peaks and valleys 
25 formed therein, wherein the peaks and valleys extend axially along the roller and the 
peaks have a profile having a smaller radius arc than the valleys; and whmin the 
second roller has a roller surface having complementary peaks and valleys meshing 
with the peaks and valleys of the first roller; 

wherein the rollers form peaks and valleys into the filter material having peaks 
30 with a smaller radius arc than the valleys; 

depositing a sealing material proximate the first edge on the first face of the 
filter media; 



MSCX3CID: <WO_97409iaA1_C> 



wo 97/40918 




PCT/US97/a7050 



applying a facing sheet having a first side and a second side to the first face of 
the filter material, thereby forming a seal betwera the filter material and a first side of 
the facing sheet; and, 

applying a sealing material proximate the second edge on the second face of 
S the filter material. 

24. Filter media having a plurality of longitudinally exiting flutes formed 
therein, wherein one end of each of said flutes is closed and wherein alternating first 
and second ends of adjacoit flutes are closed, and wherein the first closed ends are 

10 compressed. 

25. Filter media according to claim 24, v^dierein the first closed ends include a 
leading surface angling toward the downstream side. 

IS 26. Filter media according to claim 24, wherein the first closed ends include a 
leading surface arcing toward the second end. 

27. Filter media according to claim 26, wherein leading surface arcs in a convex 
surface. 

20 

28. A method of making filter media, comprising the steps of: 

providing a length of filt» material having a first &ce and a second face and a 
first edge and a second edge; 

passing the length of filter material between a first roller and a second opposed 
25 roller, wherein the first roller has a roller surface having altemating peaks and valleys 
fomied therein, \^erein the peaks and valleys extend axially along the roller; and 
wherein the second roller has a roller surface having con4)Iementary peaks and valleys 
meshing with the peaks and valleys of the first roller; 

herein the rollers form peaks and valleys into the filter material; 
30 depositing a sealing matmal proximate the first edge on the fiist face of the 

filter media; 
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applying a facing sheet having a first side and a second side to the first face of 
the filter material, thereby forming a seal between the filter material and a first side of 
the facing sheet; 

applying a sealing material proximate the second edge on the second &ce of 
5 the filter material; and» 

compressing the first edge to form an arcing leading surface along the first 

edge. 

29. Filter media inserting into fluid flow having an upstream side and a 
10 downstream side, said filter media comprising a plurality of flutes formed therein, 

vi^erein one end of each of said flutes is closed, wheiein first flutes have seals closing 
off said first flutes recessed a first distance from a first end, and second flutes 
alternating with said first flutes have seals closing off said second flutes recessed a 
second distance fipom said first end greato* than said first distance. 

15 

30. Filter media according to claim 29, wherein said first distance comprises a 
distance of at least 0.2S inches (6 nun). 

31. Filter media according to claim 30, wherein said first distance comprises a 
distance of less than or equal to 1 inch (25 mm). 

20 

32. Filter media inserting into fluid flow having a first ^de and a second side, said 
filter media comprising a plurality of longitudinal flutes formed thmin, wherein one 
end of each of said flutes is closed and opposite ends of said flutes are open, wherein 
alt^nadng first and second ends of adjacent flutes are closed, wherein said closed ends 

25 on said first side have a closed portion recessed from the first side. 

33. Filter media according to claim 32, wherein said first closed ends include an 
open space intermediate the first side and the first closed portions. 

30 34. A method of making fluted filter media havmg a crushed leading edge, 
comprising the steps of: 
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forming a layer of fluted filter material having a first face and a second face 
and a fluting sheet forming peaks and valleys with first beads on a first face of the 
fluting ^eet and second beads on a second face of the fluting sheet; 

compressing the first beads to form a depression in the layer of filter media; 

5 and, 

cutting the filter niedia at the first beads, forming a first edge having an arcing 
leading surface. 

35. A method according to claim 34, wherein the first beads are compressed while 
1 0 material of the beads is not fiiUy set. 

36. A method according to claim 35, wherein the beads are cut vAten the material 
of the beads is seL 



15 37. A method according to claim 34, wherein the layer of filter media comprises a 
plurality of first and second beads and wherein a plurality of depressions are formed at 
the plurality of first beads and a plurality of cuts are made at the first beads and the 
second beads to form a plurality of filter media layers having a first edge having an 
arcing leading surface. 

20 
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